Pharmacological and biochemical evidence has implied that a widespread opioid peptide system exists within the cerebral cortex to mediate a variety of opiate effects. However, immunocytochemical detection of opioid peptides in the cortex has been limited. Using antisera to enkephalin and bovine adrenal medullary peptide, both fragments of proenkephalin, and an antiserum to dynorphin A, a fragment of prodynorphin, we now describe the regional and laminar distribution of a widespread population of olfactory cortical and neocortical cell bodies and fibers with opioid immunoreactivity in rats. Neurons stained with each antiserum are distributed bimodally in layers II and III and V and VI of neocortex as well as in layers II and III of olfactory cortex. The widespread distribution and heterogeneous morphology of cortical cells containing proenkephalin and dynorphin-A immunoreactivity suggest that opioid peptide-containing neurons may influence the functioning of local, commissural, and projection neurons in rat cerebral cortex.
long projection pathways, providing a strong cytological basis for the responsiveness of cortical neurons to opiates.
Materials and Methods
Colchicine (25 to 200 pg in 10 to 50 ~1 of saline) was infused into the lateral ventricles of 30 male and female Sprague-Dawley and Fisher 344 rats (200 to 300 gm) 24 to 48 hr before perfusion. Kainic acid (six rats-l pg/pl) was infused into the lateral ventricles of five rats 3 days, 2 weeks, or 2 months before perfusion. Drug-treated and naive rats were perfused with 5% paraformaldehyde in 0.2 M phosphate buffer and postfixed for 2 to 3 hr as described (McGinty et al., 1983) . The brains were stored in 15% sucrose until they were frozen in dry ice and cut on a sledge microtome. Free-floating sections (50 pm) were pre-incubated with 1% H202 for 5 min to eliminate endogenous peroxidase, rinsed, then incubated with rabbit anti-leucine"-enkephalin (Al98 or A206 donated by R. J. Miller, University of Chicago) diluted l:lOOO, antidynorphin-A (84C donated by Lars Terenius, Uppsala, Sweden) diluted l:lOOO, or anti-BAM22P (B6 donated by A. Baird, The Salk Institute), diluted 1:2000. The characteristics of each antiserum have been described (Miller et al., 1978; Bloch et al., 1983; McGinty et al., 1983) . Control sections were incubated with each antiserum adsorbed for 24 hr at 4°C with 1 to 100 pM concentration of the peptide against which the antiserum was raised or related opioid peptides (see below). The secondary immunoreagents were either goat-anti-rabbit (GAR) IgG conjugated to horseradish peroxidase (HRP) (conjugated by J. F. M.) diluted l:lOOO, GAR IgG-fluorescein isothiocyanate (FITC) (Antibodies, Inc., Davis, CA) diluted 1:50, or GAR IgG-biotin followed by an avidin-biotin-HRP complex (Vectastain, Vector Laboratories, Burlingame, CA). The HRP staining procedure and diluents have been described (McGinty et al., 1983) .
In the initial experiments, one 50-pm coronal section in 300 pm throughout the brain was incubated with antienkephalin. An adjacent series of 50-pm sections was stained with cresyl violet. From the latter sections, tracings with relevant cytoarchitectural boundaries were drawn using a Bausch and Lomb microprojector. The distribution of cortical cells containing enkephalin-ir was plotted on these tracings. In later experiments, adjacent serial 50-ym sections were incubated with anti-Leu"-enkephalin, anti-dynorphin-A, or anti-BAM22P. The distribution of cells stained with anti-BAM22P was plotted on the maps of enkephalin-ir already compiled.
Photomicrographs were taken with Kodak Technical Pan 2415 film on a Zeiss Universal or a Leitz Orthoplan microscope. The following terminologies were adopted to describe various cortical regions: Haberly and Price (1978a, b) for paleocortex; Krettek and Price (1977a) for frontal cortex; Paxinos and Watson (1982) , Swanson et al. (1983) , and Zilles et al. (1980) for the remaining areas of neocortex. Results
General observations
All specific staining was eliminated by incubating tissue sections with the antigen against which each antiserum was raised. Adsorption of the BAM22P antiserum with Met"-enkephalin or adsorption of the Let?-enkephalin antisera with BAM22P did not affect specific staining. Adsorption of the Leu-enkephalin antisera with dynorphin-A reduced but did not abolish staining. Dynorphin immunostaining was not affected by adsorption of the dynorphin antiserum with Leu"-enkephalin or BAM22P. In non-colchicine-treated rats, a few cell bodies were weakly stained with each antiserum in olfactory cortical regions, but none were observed in neocortex. Colchicine treatment in the 100 to 200 pg range consistently produced the greatest number of immunoreactive cell bodies. Kainic acid-treated rats with survival times ranging from 3 days to 2 months demonstrated less consistent cortical cellular immunoreactivity with each antiserum; however, occasional neurons exhibited extensive somal, axonal, and/or dendritic labeling (see below).
The regional and laminar distribution as well as the morphology of cell bodies containing enkephalin-ir or BAM22P-ir were the same throughout the cerebral cortex of Sprague-Dawley and Fisher 344 rats. While more rigorous experiments are required to document that the cortical cells stained by these antisera are the same, our data and those of others (Khachaturian et al., 1982 (Khachaturian et al., ,1983 support our tentative reference to them here as one population of proenkephalin-positive cells.
The BAM22P antiserum stained cortical perikarya more intensely than did the enkephalin or dynorphin antisera (Fig. 1) . Enkephalin-ir (Fig. 1A ) and dynorphinir (Fig. 1B) were most prominent in a single proximally bulging process extending from a poorly stained soma. Although many intensely stained, swollen processes could be seen at low magnification (Fig. 1, A and B) , few well stained enkephalin-or dynorphin-immunoreactive cell bodies could be seen even at higher magnification (Fig. 1, A and B insets). The basal orientation and bulging of the intensely stained process, especially when observed in the presence of other nonswollen processes emanating from the same soma, suggested that the intensely stained process was the cell's axon, artificially swollen by the colchicine treatment. Such swollen processes were also seen in anti-BAM22P-stained tissue but were more often attached to well stained perikarya (Fig. 1C) . Because the BAM22P antiserum revealed a greater number of strongly immunoreactive neurons in both Sprague-Dawley and Fisher 344 rats than did the dynorphin antiserum, our analysis of the proenkephalin cortical system is more advanced than that of the prodynorphin system.
Because colchicine treatment caused swelling of fibers, more opioid peptide-immunoreactive neuropil was visible in colchicine-treated rats than in normal rats, especially in the deep layers of cortex and in the subcortical white matter. Still, however, the neuropil stained with each antiserum was relatively sparse in the neocortex but more extensive in olfactory (especially entorhinal) cortex. Single fibers in the neocortex were stained with each antiserum and appeared to be largely limited to the individual processes of immunopositive cortical cells. In selected areas of both neocortex and olfactory cortex (see below), axons of cells could be followed from deep layers into the corpus callosum, forceps minor, and anterior commissure. Vol. 4, No. 4, Apr. 1984 Neurons containing proenkephalin-ir in the olfactory cortex and hippocampus Distribution. Neuronal perikarya containing proenkephalin-ir were found in all cerebral cortical areas (Fig.  2) ; however, proenkephalin-positive cells were more densely stained and clustered in olfactory cortical than in neocortical areas. Prominent immunostained cells occurred in layers II and III of the entire olfactory cortex. In the olfactory peduncle, cells were found rostrally in the anterior olfactory nucleus, pars lateralis and dorsalis (Fig. 2, A and B) , and caudally in the dorsal peduncular cortex and ventral tenia tecta (Figs. 2C and 3 , B and C). Fibers emanating from layer II cells in each of these areas traveled through the deeper polymorphic layers where scattered, polygonal proenkephalin-positive ceils were located (Fig. 2 , A to C and see below). These fibers appeared to cross into the anterior commissure.
At the level of the striatum (Fig. 2, D and E), which contains a heavy concentration of proenkephalin-positive cells and fibers (not illustrated, but see Bloch et al., 1983) , neurons in the olfactory tubercle and pyriform cortex were well stained. The olfactory tubercle contained many closely packed cells in layer II and scattered ceils in layer III (Figs. 2, D and E and 3E) continuous with those of the striatum. Similarly, throughout the pyriform cortex, loosely packed layer IIA and IIB cells and scattered layer III cells contained proenkephalin-ir (Fig. 327) . At rostra1 levels, the most lateral, curved portion of layer II of the pyriform cortex contained many darkly stained cells with axons extending into layer III (Figs. 20 and 3F) . In the mid to posterior portions of pyriform cortex, proenkephalin-positive cells in layer II were less densely packed (Fig. 2 , E to H). At this level (Fig. 2G) , the anterolateral cortical amygdaloid nucleus displayed a moderate number of cells, and the posteromedial portion of the cortical amygdaloid nucleus (Fig.  2H ) contained a dense cluster of cells and fibers.
Caudal to the pyriform cortex (Figs. 2, H to J and 3G) , the number of proenkephalin-positive cells increased in the ventrolateral entorhinal cortex (Fig. 3H) ropil (see below). The layer II cells containing proenkephalin-ir in ventrolateral entorhinal cortex extended from the rhinal sulcus to the medial entorhinal cortex border (Fig. 2, I and J). The axons of these cells were visible for several millimeters within a section cut either in the coronal or horizontal planes. These fibers extended toward the ventral hippocampus in a loose bundle as part of the perforant path coursing transversely through the deep layers of the lateral entorhinal cortex. At the medial entorhinal cortex border, the fibers either turned dorsally and rostrally to join the tapetum of the corpus callosum or continued longitudinally through deep layers of medial entorhinal cortex (Fig. 2, I and J) across the subiculum. These fibers presumably formed the enkephalin-positive terminal field in the outer one-third of the molecular layer of ventral caudal Ammon's horn and fascia dentata as described (Gall et al., 1981) . Whereas the BAM22P antiserum stained the entorhinal cell bodies from which the perforant path originates better than did the enkephalin antiserum, the opposite was true of the intrahippocampal fiber and terminal staining. Within the dorsal, and especially the ventral, subiculum and hippocampus, proenkephalin-positive, dynorphinnegative cells were found in a similar distribution (see Fig. 2 , G to J) to that which has been described with anti-enkephalin sera (Gall et al., 1981) . BAM-ir in these polymorphous hippocampal cells was more pronounced than enkephalin-ir. Figure 31 illustrates nonpyramidal BAM22P-immunoreactive neurons in the CA3 field of the hippocampus of a Fisher rat. In addition, however, BAM22P-immunoreactive mossy fibers are present in the Fisher rat (Fig. 31) . This is in contrast to a lack of BAM22P immunostaining in mossy fibers of SpragueDawley rats used in this and our previous (McGinty et al., 1983) studies.
Neuronal morphology. In each area of the olfactory cortex, proenkephalin-immunoreactive cells in layer II (Fig. 4 , A to C) gave rise to a variable number of basal dendrites and a prominent apical dendritic tree. Figure  4B illustrates unusually well stained cells with spiny apical dendrites (Fig. 4B, inset) extending into layer I of the olfactory tubercle in a kainic acid-pretreated rat. The axons of these and other proenkephalin-positive cells in olfactory cortex arose from the base of the somata and extended into the polymorphic layer. In some cases, the axons projected into the subcortical white matter. The location, shapes, and axon orientation of the proenkephalin-positive layer II cells in the olfactory cortex suggested that they were pyramidal-type neurons of the sort stained in Golgi preparations (Price, 1973; Haberly and Price, 1978a, b; Heimer and Kalil, 1978) .
Scattered multipolar cells in the polymorphic layers of the olfactory cortex were darkly stained with BAM22P antiserum. Although heterogeneous in morphology and orientation, similar cell types appeared in each olfactory cortical area from the anterior olfactory nucleus (Fig.  40 ) through the entorhinal cortex (Fig. 4E ). All layers of the hippocampal formation also contained many BAM22P-immunoreactive cell types (Figs. 31 and 4F ). Figure 4G illustrates a pyramidal basket cell in the granule cell layer of the dentate gyrus of a SpragueDawley rat.
Neurons containing proenkephalin-ir in neocorter Neuronal distribution. Polymorphous proenkephalin-A-positive cells were scattered throughout the neocortex in layers II and III and V and VI. At the tip of the frontal pole ( Fig. 2A) , many small proenkephalin-positive cells were present throughout layers II and III of medial and lateral cortex. Further caudal (Fig. 2 , B and C) medial, ventral, and ventrolateral orbital areas appeared to contain the greatest density of stained cells. At the level of the rostra1 striatum (Fig. 2o) , in addition to layers II and III cells, many closely packed, medium-sized, pyramidal-like cells containing proenkephalin-ir appeared in layers V and VI of prelimbic and infralimbic cortex among a moderately stained neuropil (Fig. 5A) . Fibers from these cells in layers V and VI extended into the forceps minor of the corpus callosum (Figs. 20 and 5B). A few scattered cell bodies also lay in the white matter of the corpus callosum itself.
At the level of the septal nuclei (Fig. 2E) , the distribution of proenkephalin-positive cells in layers II and III was most prominent in the anterior cingulate, medial precentral, and agranular insular cortex. At this and more caudal levels (Fig. 2 , E to J) proenkephalin-positive cells in layers II and III (Fig. 5C ) and V and VI were scattered throughout the neocortex. Axons of layers V and VI cells, particularly notable in the cingulate cortex, were followed into the corpus callosum, contributing to the population of proenkephalin-positive fibers traveling in the subcortical white matter.
At the level of the retrosplenial cortex (Fig. 2 , G to J), stained pyramidal cells in the lateral neocortex increased in number in layer V of somatosensory (Fig. 2, G and H) and especially auditory (temporal) areas (Fig. 2, H and  I ). In occipital cortex (Fig. 2, I and J), the number of proenkephalin-positive cells appeared to decrease relative to other sensory neocortical areas, especially in layer V. The retrosplenial cortex generally did not contain as many stained cells in any layer as did the cingulate cortex. Proenkephalin-immunoreactive cells in basal dendrite often branched, giving rise to a swollen layers II and III in all neocortical regions generally were process (presumably the axon) and a nonswollen process either multipolar with irregularly shaped (Fig. 6A) or (presumably the dendritic continuation). BAM/enkephround (Fig. 6B) somata, or bipolar with vertically elon-alin-positive cells in layers V and VI also were polymorgated somata (Fig. 6C) . Bipolar cells had a primary apical phous. A few bipolar cells (Fig. 6D ) and a greater number dendrite extending into layer I and a basal dendrite of medium to large multipolar cells (Fig. 6E) were stained extending into deep layers for an unknown distance. in layer V. Medium and large BAM/enkephalin-immuBoth the apical and basal dendritic extensions of bipolar nostained layer V cells were observed with one prominent cells were narrowly restricted in the vertical plane. The apical dendrite, several basal dendrites, and often a swol-len process emanating from the center of the basal border of the cell (Fig. 6, F to H ; also see Fig. 1 ). These cell bodies closely resembled layer V pyramidal cells in Golgi preparations (Ramon y Cajal, 1911) . Isolated horizontal cells containing proenkephalin-ir were occasionally observed in layer I, but were more frequently observed in layer VI (Fig. 61) , and were also present in the superficial white matter of the corpus callosum.
Cortical cells containing dynorphin-A-ir
The intensity of dynorphin-A-ir in most cortical perikarya was far below that obtained with either the enkephalin or BAM22P antisera (see Fig. 1 ). Furthermore, the dynorphin-A antiserum stained fewer cells in the cerebral cortex of Sprague-Dawley rats than in the cortex of Fisher 344 rats. In both strains, however, dynorphinir was visualized only in areas of the olfactory and neocortex which also contained proenkephalin-ir (Fig.  6) . In Sprague-Dawley rats, a few dynorphin-A-immunoreactive swollen processes and weakly stained perikarya were observed in orbital (ventral and medial orbital cortex) and infralimbic cortex, parts of olfactory cortex (dorsal peduncular cortex and olfactory tubercle), and a few layer V pyramidal cells in neocortex. The distribution of dynorphin-A-ir in hippocampal granule cells and mossy fibers of Sprague-Dawley rats has been described (McGinty et al., 1983) .
In Fisher 344 rats, dynorphin-ir was prominent in layer II of the dorsal peduncular cortex (Fig. 7A) , ventral tenia tecta (Fig. 7B ), medial and ventral orbital cortex, and in layers V and VI of the infralimbic (Fig. 7C ) and prelimbic cortices. Further caudal, layers V and VI of cingulate cortex (see Fig. 1B ) demonstrated dynorphin-ir. In the olfactory tubercle, there was a prominent field of swollen processes containing dynorphin-ir (Fig. 70 ) which dipped into the tubercle crenulations and surrounded the unstained islands of Calleja as in proenkephalin-positive tissue (see Fig. 3E ). In somatosensory and temporal neocortex, layer V pyramidal cells were visualized (Fig.  7E) , although more weakly stained and fewer in number than those containing proenkephalin-ir in adjacent sections. A few lightly stained cells were present in layer II of the lateral (Fig. 7F) and medial entorhinal cortex. The few dynorphin-ir fibers in entorhinal cortex did not appear to contribute significantly to innervation of the hippocampal formation via the perforant pathway.
Discussion
Radioimmunoassays have indicated the existence of proenkephalin-derived peptides like Met '-and Leu5-enkephalin (Hughes et al., 1977; Simantov et al., 1977;  Yang et al., 1977; Gros et al., 1978; Miller et al., 1978) and BAM22P (Hollt et al., 1982) , as well as prodynorphin-derived peptides like dynorphin-A(l-13) (Goldstein and Ghazarossian, 1980) , dynorphin-A (l-8) (Hollt et al., 1980; Weber et al., 1982a) , and a-neo-endorphin (Minamino et al., 1981; Weber et al., 1982b) in large, poorly defined cortical areas. Although there is evidence for variable processing of proenkephalin in different tissues (Lewis et al., 1978; Hollt et al., 1982; Liston et al., 1983) and of prodynorphin in different brain regions (Weber et al., 1982a) , the major forms of proenkephalin and prodynorphin in specific cortical regions are as yet unknown.
The data presented here provide immunocytochemical evidence for a widespread population of polymorphous neurons which contain proenkephalin and/or prodynorphin immunoreactivity in the cerebral cortex of colchitine-treated rats. These neurons were observed in dense clusters in layers II and III and in scattered patches in deeper layers of olfactory (including entorhinal) cortex. In the neocortex and in periallocortical-proisocortical transitional areas (orbitofrontal, agranular insular, infralimbic, and prelimbic cortex; see Reep and Winans, 1982) , layers II and III and V and VI contain loosely packed immunostained neurons which correspond to bipolar and multipolar stellate cells and typical pyramidal cells. Regional differences were observed in the abundance of immunostained cells. Compared to neocortex, olfactory cortex contained more neurons which were densely clustered and intensely stained with each antiserum and transitional cortical areas contained an intermediate proportion of cells.
In non-colchicine-or non-kainic acid-pretreated rats, few cortical perikarya or processes displayed immunoreactivity when incubated with the antisera employed in this study. After colchicine pretreatment, the BAM22P antiserum stained intracortical neurons more completely and intensely than did the Leu5-enkephalin or dynorphin antisera. In general, cortical perikarya demonstrated weaker dynorphin-A-ir or enkephalin-ir than did subcortical cells stained with the same antisera (see McGinty et al., 1982a McGinty et al., , 1983 . These differences in antisera staining abilities could reflect (1) differences in the effects of colchicine action or fixation on cortical and subcortical neurons, or (2) variability in the quantity of peptide synthesized per cell population, or (3) differences in the post-transcriptional processing of proenkephalin and prodynorphin in cortical and subcortical regions. None of these or other possibilities have been investigated yet.
The similar cortical distribution of BAM22P-ir and enkephalin-ir is consistent with the concept that both antisera stain the same population of neurons in the CNS (Khachaturian et al., 198213, 1983; Bloch et al., 1983) . However, dynorphin-A-ir was observed in a similar, albeit less abundant, population of cortical cells as that containing BAM/enkephalin-ir.
The overlap was particularly striking in the hippocampal and cortical areas of Fisher 344 rats where the dynorphin immunostaining was robust. Attempts to understand the strain differences in cortical opioid peptide staining and whether proenkephalin and prodynorphin-derived peptides coexist in cortical cells and dentate granule cells will require further analysis.
Prior to the present study, reports of cortical proenkephalin-ir neurons have been limited. Cortical dynorphin-ir has been localized in isolated scattered cells (McGinty et al., 1982a; Vincent et al., 1982) and isolated fiber segments in neocortex (Khachaturian et al., 1982a; McGinty et al., 1982a; Vincent et al., 1982; Weber et al., 198213) . While the present manuscript was being completed, an immunocytochemical description of BAM/ enkephalin-ir in rat telencephalon was published (Khachaturian et al., 1983) . In that study, immunopositive cells were found primarily in olfactory, cingulate, and retrohippocampal cortex with few, scattered cells in the neocortex of rats treated with high doses of colchitine. The latter authors reported a more extensive distribution of proenkephalin-immunoreactive neurons in cortex than had previous studies (Sar et al., 1978; Wamsley et al., 1980; Finley et al., 1981; Gall et al., 1981; Khachaturian et al., 198213) . However, Khachaturian and colleagues did not report the presence of proenkephalinpositive cells throughout neocortex nor did they note the heterogeneity of stained cell types that was described and illustrated in the present study.
Prominent colchicine-induced swollen processes of enkephalin-immunoreactive cortical neurons have been observed previously (Gall et al., 1981; Khachaturian et al., 1982b Khachaturian et al., , 1983 McGinty et al., 1982b McGinty et al., , 1983 . Gall and colleagues (1981) noted the "pathological-looking swelling" of "brilliantly immunoreactive proximal axons" attached to more faintly stained entorhinal cortical perikarya after colchicine treatment. As we have noted here, the intense immunostaining of swollen proximal axons in colchicine-pretreated tissue was our first clue (McGinty et al., 1982b) to the presence of a widespread population of opioid peptidergic cells in the cortex. Although colchicine is believed to affect cellular staining by blocking axoplasmic transport, it has other deleterious effects (Hindelang-Gertner, 1976) . Nevertheless, its use has enabled a first approximation of opioid peptidergic cell types in cortex with putative axons distinguishable from dendrites in optimal cases.
The use of kainic acid to visualize immunoreactive perikarya and their processes in this study developed Figure 3E (X 310). E, Faintly stained pyramidal cells in layer V of somatosensory cortex (X 360). Inset, Detail of layer V cell in temporal cortex (X 330). F, Faintly stained layer II cell and swollen processes in perirhinal cortex (X 830) . from our observations that kainic acid-induced intensiafter colchicine treatment. Both drugs, however, alter fication of dynorphin and enkephalin immunostaining the pattern of cellular immunostaining so that caution was not limited to granule cells and mossy fibers of the must be exercised in correlating such immunoreactive hippocampal formation (McGinty et al., 1983) . While cells with normal cell types. One unexplained observation kainic acid is neurotoxic to some cells (presumably by with regard to kainic acid's effects is why some cells exciting them to death; Olney, 1978) , other cells, whose electrical and chemical synthetic activity may be inshould continue to display increased immunoreactivity creased, escape degeneration and appear intensely imweeks (in one case 2 months) after a single kainic acid administration. munostained, sometimes more completely (see dendritic
The morphological characteristics of the cortical cells spines in Fig. 4B ) and less pathological looking than containing proenkephalin-ir are compatible with descrip-tions of both nonpyramidal (or stellate) cells as well as with pyramidal cells. The nonpyramidal neocortical cells of layers II and III which demonstrate proenkephalin-ir are of at least two major types classified according to their dendritic patterns (Feldman and Peters, 1978) : bipolar and multipolar. We cannot claim to have visualized the entire dendritic trees of these neurons, but in favorable cases we were able to observe at least the proximal dendritic branching pattern of a cell which allowed us to make a tentative conclusion as to its type. Proenkephalin-ir is but one example of peptidergic immunostaining of bipolar cells predominantly in layers II and III of neocortex. Bipolar cells contain vasoactive intestinal polypeptide (McDonald et al., 1982b; Morrison, et al., 1984) and cholecystokinin (Peters et al., 1983) as well as somatostatin (Morrison et al., 1983 ) and corticotropic releasing factor (Swanson et al., 1983) . The bipolar cell is the major cell containing proenkephalin-ir in layers II and III of neocortex. In layers V and VI, multipolar cells are the major cell type containing proenkephalin-ir. This bimodal laminar distribution of proenkephalin-immunopositive cells is also apparent in the cortical cell population containing somatostatin-ir (Morrison et al., 1983) . Bipolar cells have been shown by Golgi EM analysis to synapse on the apical dendrites of pyramidal cells (Peters and Kimerer, 1981) among others, which would enable bipolar cell peptides to function in a role of local radial regulation of cortical activity (Morrison et al., 1983) .
Other major cell types containing proenkephalin-ir as well as prodynorphin-ir are the pyramidal cells in layer V of neocortex and layers II and III of olfactory cortex. It is interesting to note that the oval pyramids (Fig. 6F) stained with BAM22P or enkephalin antiserum in transitional proisocortical/periallocortical regions, such as agranular insular cortex, are intermediate in shape between the round to oval olfactory cortical pyramids (Fig.  4 , A to C) and the triangular-shaped pyramids of the neocortex (Fig. 6, G and H) . The visualization of immunoreactive fibers crossing from the deep cortical grey into the subcortical white matter supports the finding of opioid peptide-ir in pyramidal cells. However, the possibility that some opioid peptidergic fibers in the white matter may be afferent to the cortex must also be considered.
The regional and laminar distribution of cortical cells containing opioid peptide-ir as presented here is relatively consistent with what might be predicted from opioid binding studies. Early opioid ligand binding studies in brain homogenates demonstrated heavier concentrations of binding sites in limbic-associated cortical regions than in neocortex of rat (Chang et al., 1979) , human (Hiller et al., 1973) , and monkey (Divac et al., 1981) . Autoradiographic analyses of regional opioid binding site distributions also have demonstrated much higher ligand binding in limbic-associated and polysensory (orbitofrontal, temporal, insular) cortex than in primary sensory or motor cortex in rat (Herkenham et al., 1981; Herkenham and Pert, 1982; Lewis et al., 1983) and monkey (Lewis et al., 1981; Wise and Herkenham, 1982) , in agreement with the regional variations in density of cortical opioid peptidergic-ir. Analyses of the laminar distributions of mu-type opioid binding sites in rats have demonstrated peak ["Hlnaloxone labeling in layers Ia, III or upper V, and VIb (Lewis et al., 1981) where peak opioid peptidergic-ir was found in the present study. (The proenkephalin-immunostained bipolar-like cells and some of the multipolar cells extend their dendrites into layer I.) However, an alternative autoradiographic technique has localized mu-type ligands to layer IV in rats (Goodman et al., 1980; Wamsley et al., 1981) , where little or no opioid peptidergic-ir in cells or fibers was found in the present study. Other opioid receptor subtypes have been localized with a predominance in different cortical layers (delta subtype-Goodman et al., 1980; Lewis et al., 1983; kappa subtype-Foote and Maurer, 1982) or different regions (kappa subtypeGoodman and Snyder, 1982; sigma subtype- Quirion et al., 1981; Zukin et al., 1983) . Moreover, different selectives of opioid ligand binding are present in cortical (equal binding of mu and delta ligands) and subcortical (a ratio of up to 4 mu to 1 delta binding site) regions (Chang et al., 1979) . Nevertheless, precise correlations between the various receptor subtype distributions and the immunocytochemical localization of proenkephalinir and prodynorphin-ir in cortex are not yet apparent.
Because of the strongly emphasized role of opioid peptides in pain perception, it is easiest to provide a hypothetical explanation for the presence of proenkephalin and prodynorphin peptides in limbic-related cortical areas. For example, proenkephalins could mediate the transfer of pain-related information from nociceptive afferents of the submedial thalamic nucleus (Craig et al., 1982) into the periallocortical-proisocortical transitional areas and back down to the lateral periaqueductal grey (Hardy and Leichnetz, 1981) . Thus, limbic-associated structures, such as hippocampus (Swanson, 1981) and amygdala (Krettek and Price, 1977b) , with connections to these transitional frontal cortical areas, would have access to opioid interneuron routes through which they could influence the perception of pain. While this may be a parsimonious hypothesis, it does not take into account the similar cellular and laminar distributions of the opioid peptides throughout the cerebral cortex. For example, in the olfactory cortex, layer II pyramidal cells containing opioid peptides may make a significant contribution to the tangential integration of information among paleocortical and archicortical regions through a network of associational and commissural projections (Price, 1973; Haberly and Price, 1978a) . In the neocortex, proenkephalin-positive cells may contribute to both tangential and radial processing of polysensory as well as associational cortical information (Buchsbaum et al., 1982; Arnsten et al., 1983; Reisberg et al., 1983) . Thus, it is our contention that cortical opioid peptidergic neurons are in a position to influence multiple aspects of cortical information processing, including but not limited to the perception of pain.
